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Abstract 
In this paper, we compare two control strategies for a multi-robot formation control problem based on virtual structure approach. 
Assuming that each robot knows states of the virtual leader, we can use any control strategies to derive the robots to their desired 
state. In this paper, we specifically compare PID controller and ݈ െ ߰ controller. Our experiment shows that, if each robot knows 
the exact states of the virtual leader,  ݈ െ ߰ controller is superior to PID controller. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
Malaysia. 
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1. Introduction 
Formation control is one of fundamental tasks for coordinating multiple robots. Given a target formation shape, 
the robots must be able to drive themselves to achieve the desired shape and maintain it while moving together. 
There are two distinct paradigms to formation control: centralized formation control and decentralized formation 
control. A centralized formation control typically assumes a single leader that knows the group’s trajectory. The 
followers then move according to the leader's motion in order to maintain the group's formation. One of the simplest 
schemes for centralized formation control is ݈ െ ߰ control and ݈ െ ݈ control [1-2]. Although centralized formation 
control is easy to reason and easy to implement, the loss of a group leader in a centralized formation control usually 
means failure of the entire group. Besides that, in a typical centralized formation control, there is usually no 
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communication between leader and follower. This can result in the inability of the group to maintain the 
desired formation shape. Decentralized formation control is developed to overcome these problems [3]. 
 
Among decentralized control strategies, a consensus control algorithm drives the information states of all robots 
to a common value. In [3], Ren et al. introduced two-level extended consensus algorithm for solving the problem of 
group trajectory estimation and distributed formation control. This strategy used virtual leader approach to solve 
formation control problem. The advantage of using virtual leader is that estimating the leader’s state is completely 
decoupled from controlling each robot. In other words, if we have an estimate of the virtual leader’s state, we can 
use any appropriate control law for each robot. In this paper, we compare two control laws to drive each robot to its 
desired state assuming that each robot has a good estimate of the virtual leader’s states. 
 
The rest of this paper is organized as follows. In Section II, we derive a PID-controller based formation control 
for each vehicle. In Section III, we derive an ݈ െ ߰  controller for each vehicle. We validate our models with 
simulation in Section IV. In Section V, we implement both controllers in a group of AmigoBot. We finally conclude 
our work and provide the direction for future works in Section VI. 
 
2. PID Controller Based Formation Control 
    Arguably, the simplest method of formation control is to let each robot track their desired position. To recast this 
approach to a virtual structure approach, let ሺݔ݀ ǡ ݕ݀ሻ be the desired position of a robot in the group (relative to a pre-
assigned leader). We define a virtual leader ሺݔݒ݈ ǡ ݕݒ݈ሻ for this robot having the same coordinate as the desired 
position ሺݔ݀ ǡ ݕ݀ሻ of the robot (Fig. 1). The robot then tracks its virtual leader using PID control. 
 
Fig. 1. Notation for PID Control 
 
The kinematic equations of a mobile robot is 
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Since there is no tangential velocity at the center of rotation of the robot, define another reference not in the 
center point of rotation 
 
 Tcosdrx x   (2) 
 Tcosdry y   (3) 
 
After deriving and  once, the control variable v and ω can be written directly in term of  ݔሶ  and  ݕሶ :  
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Define ݁ݔ ൌ ݔ݀ െ ݔ and  ݁ݕ ൌ ݕ݀ െ ݕ, a PID controller for (4) can then be formulated as follow. 
 
 ¦³ '''# teKteKeKdteKdtdeKeKx xixdxpxixdxp  (5) 
 ¦³ '''# teKteKeKdteKdtdeKeKy yiydypyiydyp  (6) 
 
3. ܔ െ ૐ Controller Based Formation Control 
In ݈ െ ߰ control, formation is maintained by keeping the variables ݈ and ߰ close to the desired values, ݈݀  and 
߰݀ ǤWe can formulate of ݈ െ ߰ control as a virtual structure in many different ways, but for simplicity, we let a pre-
assigned leader ሺݔ݈ ǡ ݕ݈ሻ to take the place of the virtual leader ሺݔݒ݈ ǡ ݕݒ݈ሻ (Fig. 2). With this approach, there is no 
change to the formulation of ݈ െ ߰ control in [1]. 
 
Fig. 2 Notation for െɗ control 
 
Using (1), we use the variables  and ɗ for denoting deviation from the leader robot’s position and orientation. 
 
 22 ))sin(())cos(( fflffl dyydxxl TT   (7) 
 lTSE\   (8)
 
where ߚ ൌ  ݕ݈െ൫ݕ݂൅݀  ߠ݂൯ݔ݈െ൫ݔ݂൅݀  ߠ݂൯. 

Then, by investigating the effects of varying the values of ݒ and  ߱, the dynamics of  and ɗ is 
 
 JZ\J sincoscos flf dvvl    (9) 
 )sincossin(1 JJZ\Z\ ffll vdvll    (10)  
 
where  ߛ ൌ ߰ ൅ ߠ݈ െ ݂ߠ . 
 
From (9) and (10), we can finally obtain the equations for controller’s input signals, ݂߱  and  ݒ݂ : 
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where )(1 lll d  D  and )(2 \\D\  d  
 
4. Simulation Result 
We verify our model by simulation in MATLAB and MobileRobots®MobileSim simulator. MATLAB is useful 
for fast prototyping and analyzing the controller, while MobileSim has a good model of the real robots we use. 
4.1. MATLAB Simulation 
We simulate PID and ݈ െ ߰ controller involving two robots. The assigned leader is set to move in an S-shaped 
trajectory and the follower needs to follow the leader in a particular distance relative to the leader. In our setup, the 
follower needs to keep its position 1m to the right of the leader. Fig.3 shows the trajectories of both controllers. 
 
 
Fig. 3. Trajectory of the leader (green/square) and follower (red/circle) for (a) PID controller and (b) െ ɗ controller 
 
 
 
Fig. 4. Position error (in mm) and velocity of the follower for (a) PID controller and (b) െ ɗ controller 
 
In general, we can see that both controllers are able to make the follower robot keep track on its leader. The 
control input (v and ω) given by both controller is also relatively stable, as shown in Fig 4. However, we can see that 
the PID controller (Fig 4 (a)) produces larger follower’s position error (about 100mm) compared to ݈ െ ߰ controller 
(Fig 4 (b)) which is less than 10mm.  
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4.2. MobileSim  Simulation 
In MobileSim Simulator, we repeat the same scenario to verify the controllers, only now we use three robots 
instead of two robots. The leader, placed in the middle of the formation, move in an S-shaped trajectory. The first 
follower has to maintain its position 1m to the left of the leader, while the second follower has to maintain its 
position 1m to the right of the leader. Fig 5 shows the trajectories of both controllers. 
 
Fig. 5. Trajectory of the robots for (a) PID controller and (b) െ ɗ controller 
 
 
Fig. 6. Position error and velocity of the follower for  (a) PID controller and (b) െ ɗ controller 
 
These results show that both controllers are able to maintain the desired formation of the groups. However, PID 
controller starts to give more unstable control input (v and ω), as shown in Fig 6(a), compared to ݈ െ ߰ controller 
(Fig 6(b)). Besides, the position error of the follower using PID controller is also greater than ݈ െ ߰ controller.   
5. Experimental Result 
To implement the controller, we used AmigoBot as our multi-robot platform. The robot moves with two wheels 
using differential drive principle. To estimate its position, the robot relies on its wheel encoder data measurement. 
Two robots communicate with each other by using TCP/IP protocol. 
 
We use three robots for this experiment. The leader, placed in the middle of the formation, is controlled 
manually. The first follower has to maintain its position 60cm to the left of the leader, while the second follower has 
to maintain its position 60cm to the right of the leader. Fig 7-10 shows the results of this experiment. 
 
Judging by position error of the follower robots when maintaining the formation, we can see that ݈ െ ߰ 
controller is superior to PID controller. This is because ݈ െ ߰ controller also considers the velocity of the leader 
while PID controller only considers the position of the leader.  
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Fig. 7. Group of AmigoBots keeping formation using PID controller  
 
 
Fig. 8. Real trajectory, position error and velocity of AmigoBot using PID controller 
 
 
Fig. 9. Group of AmigoBots keeping formation using െɗ controller  
 
 
Fig. 10. Real trajectory, position error and velocity of AmigoBot using െ ɗ controller 
6. Conclusion and Future Work 
In this paper, we compare the performance of PID controller and ݈ െ ߰ controller in maintaining a specified 
formation of mobile robots with the assumption that each robot has a good estimate of the leader’s states. Our 
simulation and experiment show that, even though both controllers are able to maintain the desired formation, ݈ െ ߰ 
controller has a better performance than PID controller has in term of position error. Our future work will consider 
this result in dealing with maintaining formation of mobile robot in more complex scenario where each robot also 
need to estimate the leader state, and  more complex environment. 
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